The main topics of the survey were the evolution and changes of the operational practices of National Hydrological Services in response to the developing demand for information on, and need of monitoring and assessment of climate change impacts on water resources; cooperation with the other national and international organizations and institutions on climate and water related issues; and the liaison and advice to experts working on potential extreme floods and drought assessment, forecasting and warning.
Most respondents expect major changes or variability in the climate and water resources management, but the uncertainty of the climate scenarios makes it difficult to adapt the practices of the operational hydrology in the future. Changes are expected at least in energy production, risks and safety assessments, potential evapotranspiration, soil water balance and sea level. Especially increases are anticipated in winter temperatures and precipitation; winter low flows; snowmelt and heavy rains in summer time, increasing also summer-autumn flows; the design discharges of rivers; frequencies of low flow situations; and in the mean sea level.
In every country that answered the survey questionnaire, the potential impacts of climate variability and change on water resources had been deeply considered. However, several problems due to high uncertainties are related to the assessment of the future impacts. As the respondent of one country stated:
"The effects of current climate variability create major obstacles to successful water resources management in many countries and basins. It is imperative that strategies aimed at increasing the resilience of water management systems to adapt to climate variability be incorporated into national IWRM plans."
Introduction
Everybody talks about climate change. Is this just talking or do the operational hydrological agencies modify their practices in order to adapt to the changing climate? Clearly, the operational practices are influenced by various other factors such as changing land use, policies and so forth. This entity has been addressed in this study through a questionnaire survey. Operational hydrological agencies of the 53 WMO member countries of Europe and Middle East were approached. Response from 10 countries was obtained, making the return rate up to the tolerable level of 19%.
The Terms of Reference as defined by the WMO RA VI in 2002 for this piece of work was the following:
Considering the potential impacts of climate variability and change on water resources, as well as the uncertainties of the outputs of climatological models: (a)
To study and report on the experiences gained in RA VI countries in addressing climate and water related issues, mainly:
• The evolution and changes of the operational practices of National Hydrological Services in response to the developing demand for information on, and need of monitoring and assessment of climate change impacts on water resources,

• Cooperation with the other national and international organizations and institutions on climate and water related issues; (b) To liaise with and provide advice to those experts of the Association working on potential extreme floods and drought assessment, forecasting and warning.
In these terms, the main topics of the survey were the evolution and changes of the operational practices of National Hydrological Services in response to the developing demand for information on, and need of monitoring and assessment of climate change impacts on water resources; cooperation with the other national and international organizations and institutions on climate and water related issues; and the liaison and advice to those experts of the Association working on potential extreme floods and drought assessment, forecasting and warning. The results of the questionnaire are reviewed in this paper.
The other side of the coin -how the rainfall, river flow and other hydrological parameters have changed -was intentionally left outside of this analysis, since combination of the results of this study and those of various analyses on hydrological changes would simply have been too broadly-scoped for this phase. Among several excellent analyses on the changing hydrology in Europe it is worthwhile to mention the following ones: IPCC (2001a, b), , Mudelsee et al. (2003) and .
This work is a continuation to the WMO RA VI report on Climate and Water of 2001 (Varis et al. 2002) which was later extended considerably (Varis et al. 2004 ). At present, quite in controversy to the practises witnessed in the ages old fight against floods, decision makers in the EU are convinced that rivers should be allowed to take over more natural space, with all the subsequent consequences: severe economic restrictions, abandoning arable land in favour of the redevelopment of 'natural' rivers, and changing peoples' attitude towards flood hazards (Nienhuis & Leuwen 2001 Its essential content related to floods and droughts is presented in Table 1 .
Challenges in operational hydrology
The impact of humans on floodplains and river channels has been extensive in Europe throughout history (Brookes & Shields 1996): river channels have been dredged and straightened, and flood retention areas have been drained and separated from river channels step by step for the different functions of agriculture, housing and infrastructure, not to mention hydropower. Land use of the catchments was changed, altering the natural hydrological processes. In practise it seems impossible to say whether extreme floods and droughts have already increased and to what extent it is caused by land use changes or climate change, but many opinions have been presented in different publications during the last decade.
The effect of climate change on floods depends on several factors, e.g. the properties of the catchment area and the reason for flooding (e.g. rain, snowmelt). However, it is very likely that the floods will increase by size and frequency. Nicholls et al. (1996) stated that there is no evidence that extreme weather events or climate variability has increased in a global sense through the 20 th century although data and analyses are poor and not comprehensive, but on regional scales there is a clear evidence of changes of some extremes and climate variability indicators. Some of these changes have been toward greater variability; some have been toward lower variability. 6. Temporary deterioration in the status of bodies of water shall not be in breach of the requirements of this Directive if this is the result of circumstances of natural cause or force majeure which are exceptional or could not reasonably have been foreseen, in particular extreme floods and prolonged droughts, or the result of circumstances due to accidents which could not reasonably have been foreseen, when all of the following conditions have been met: (a) all practicable steps are taken to prevent further deterioration in status and in order not to compromise the achievement of the objectives of this Directive in other bodies of water not affected by those circumstances; (b) the conditions under which circumstances that are exceptional or that could not reasonably have been foreseen may be declared, including the adoption of the appropriate indicators, are stated in the river basin management plan; (c) the measures to be taken under such exceptional circumstances are included in the programme of measures and will not compromise the recovery of the quality of the body of water once the circumstances are over; (d) the effects of the circumstances that are exceptional or that could not reasonably have been foreseen are reviewed annually and, subject to the reasons set out in paragraph 4(a), all practicable measures are taken with the aim of restoring the body of water to its status prior to the effects of those circumstances as soon as reasonably practicable, and (e) a summary of the effects of the circumstances and of such measures taken or to be taken in accordance with paragraphs (a) and (d) are included in the next update of the river basin management plan.
Key questions
A questionnaire was sent to national hydrological services of the 53 member countries of the WMO Regional Association VI. The aim of the questionnaire was to determine how the policies or practises have been modified in recent years as a response to the possible climate change and relate these changes in other driving forces such as changes in land use and policies. The questionnaire had altogether six questions that are presented in Table 2 .
The respondents of ten countries answered to the questionnaire: Sweden, Norway, Estonia, Lithuania, Netherlands, Austria, Malta, the Czech Republic, Turkey and It must be noted that these answers are not necessarily formal statements of the official delegates of each country, but answers that are written by one or several hydrological specialists in the country in question. The answers of the respondents are summarized below. The received answers to the questions are discussed in the following chapters one by one, except for Question 1 that has been divided into two parts. 
Results and discussion
Question 1. Changes in the operational practices of national hydrological services
The first question was whether the operational practices of national hydrological services have been modified in the country in question in the last 10 years related to different themes. The distribution of the answers related to different topics is presented in Figure 2 and Table 3 . The survey positively revealed that international research projects and plans are widely used to solve water related problems.
In the analysis, the answers to question 1 have been divided into two parts: 1 (abe) Monitoring and assessment of the effects on flood frequencies and intensities; potential extreme flood forecasting and warning; and dam safety and other hydraulic structures; and 1 (cd) Potential extreme drought forecasting and warning, and reservoir management. This is because many representants had lumped the answers to these questions, mentioning that they are closely related. 
Question 1 (a, b and e). Monitoring and assessment of the effects on flood frequencies and intensities; potential extreme flood forecasting and warning; and dam safety and other hydraulic structures
In Lithuania, parting of the seasonal precipitation has been observed: precipitation has decreased during warm period and increased during cold period, and therefore, the summer discharges of rivers have decreased. In Austria the precipitation forecast is constantly being improved in co-operation with the Central Institute for Meteorology and Geodynamics.
The Netherlands and Turkey stated that the countries have faced exceptionally large floods during the last decade. In the Netherlands, the design discharges of the River Meuse and River Rhine have increased due to recent floods, and a program has started to increase the discharge capacity of both rivers.
Both Turkey and the Netherlands have re-thought how to face the changes in
hydrology. An international Flood action plan has been agreed on by the riparian states of the River Meuse and River Rhine, e.g. to increase the lead-time of the flood forecasting.
In the Netherlands, the dam safety in relation to reservoirs is not present in the changes, but a storm surge barrier has been built to protect the port of Rotterdam, in which the expected sea level rise was incorporated in the design. The following citation from the Dutch respondent describes well the current situation: The Czech Republic has not modified its operational hydrological practices in the last 10 years in relation to monitoring and assessment of the effects on flood frequencies and intensities; potential extreme flood forecasting and warning; and dam safety and other hydraulic structures.
On Malta, the hydrological operational practices have not yet been changed due to climate change and variability, but the Malta Environment and Planning Authority will formulate the policies that regulate the development in or in the proximity of flood prone areas, to be included in a storm-water management plan and flood mitigation system formulated between the Malta Environment and Planning Authority and the Roads Department. A First National Communication (FNC) has been set up in order to carry out the objectives set by the United Nations Climate Change Convention (UNCCC). A National Action Plan has also been set up and submitted to the UNCCC in April 2004. Driven by a storm occurred in September 2003, the Works Division of the Ministry for Resources and Infrastructure has worked on storm water solutions at Qormi, Malta, consisting of road and water course widening in flood prone areas and the modification and strengthening of walls to withstand future storms.
Question 1 (c and d). Potential extreme drought forecasting and warning, and reservoir management
Drought and reservoir management issues have not been considered as deeply as floods in these countries.
Sweden stated that there are effects on their operational hydrology but did not specify further. In Turkey, installation of the automated observation network has been considered for water level in the reservoirs, which enables the real-time forecasting and early warning being important in the reservoir management.
On Malta the predicted climate changes will have adverse impacts on agricultural land use in the Maltese Islands. A predicted shortening of the rainy season will result in a combination of long periods of drought which are then aggravated by intense rainfall leading to intense soil erosion, soil structural damage, soil clogging, increased nutrient leaching and direct damages to crops. Whether any operational changes have taken place remained unclear.
In Austria structural measures are being developed, e.g. a guideline for the design of the reservoir-spillway has been developed.
In the Netherlands, the drought forecasting and studies on the effects of drought are getting more attention: the government, provinces and District Water Boards are carrying out "The Netherlands Drought Study", an integrated survey of water policies for and during periods in which water is scarce. The study is making proposals for dealing with dry periods, in connection with water logging and water quality (Water Framework Directive). The distribution of surface water within the Netherlands will be adapted in order to prevent irreversible damage. The so-called "Verdringsreeks", which regulates the priority of the water distribution in drought situations, has been changed. In the Netherlands, the Lake IJsselmeer is the only managed reservoir, discharging to the North Sea. Studies have been done to investigate the effects of sea level rise and increased precipitation, and a plan to increase the discharge capacity of the discharge sluices has been made.
As was also the case with floods, The Czech Republic has not modified its operational hydrological practices in the last 10 years in relation to potential extreme drought forecasting and warning, and reservoir management Question 2. How have the EU/National directives and guidelines affected the operational management in your country in the last 10 years?
Six of the eight EU member countries stated that the EU Water Framework Directive (EU 2000) has affected their operational hydrology. Lithuania and Malta did not mention it. In addition, the Netherlands is working on catchment level (Flood action plan for Rhine 1998 and Meuse 1998) in co-operation with the other countries, and the Nordic Countries are having a close research co-operation.
National guidelines are being developed in several countries:
One of the 15 Environmental Objectives of Sweden is "Reduced Climate Impact" in which the international directives and guidelines are considered. In Turkey, emphasis has been given to the non-structural measures in the recent years. The plans have included the arrangement of the human activities, the education of the people and the informing of the stakeholders, giving more responsibility to the local governments and municipalities. On Malta, several organizations have contributed to the national climate change action plan. Atmospheric phenomena that have direct implications on water resources due to rainwater storage in ground aquifers have been studied by the National Meteorological Office, the Physical Oceanography Unit and the Institute of Energy Technology at the University of Malta. The Meteorological Office and the Water Services Corporation maintain a rain gauge network so that one is predominantly sampling precipitation in urban areas whilst the other is targeting more the rural areas. The Physical Oceanography Unit at the University of Malta undertakes measurements of sea level and temperature in real time in Portomaso and in delayed mode in Mellieha Bay. It also undertakes fundamental research in coastal meteorology, hydrography and physical oceanography. All the abovementioned organisations together with the Ministry for Rural Affairs and the Environment are now co-ordinating the FNC. The UNDP has also supported this National Action Plan and FNC initiative.
Malta has improved its hydrological monitoring capabilities
Question 4. Please give any general or detailed comments on the potential impacts of climate variability and change on water resources or the uncertainties of the outputs of climatological models.
Most respondents expect major changes or variability in the climate and water resources management.
In Norway, the energy production, the hydrological regime, the extreme hydrological regime, risks and safety assessments are expected to change due to climate change. The Norwegian respondent states that the main difficulty is to make decisions under the uncertainty associated with climate projections.
In Estonia it appears that the increase of winter temperatures and precipitation cause increase of winter low flows; and increased snowmelt and heavy rains in summer time increase summer-autumn flows.
In the Netherlands, the impacts of climate change on the water management are expected to become substantial: the design discharge of the river Rhine and Meuse will increase; the low flow situation will occur more often; and the minimum flow will decrease. In addition, the mean sea level is expected to increase, causing problems in discharging water to the North Sea.
The Austrians have projects named Startclim and Flood Risk, which deal with climate change and its possible effect on the water cycle.
The Czech Republic would substantially be affected by climate change. Capacity of most water resources would decline by 20% or even more in arid areas according to UKTR scenario. The assessment of response various types of basin to climate change revealed that mountainous basins in northern Bohemia (basins between the Orlice end Jizera Rivers) and basins having high altitude in the Šumava Mountains are most resistant to the impacts of climate change. Basins with low precipitation and low capacity to retain water (the capacity can be natural in a form of groundwater storage or man-made by constructing reservoirs) are most vulnerable.
The sensitivity of a natural basin to climate change is therefore affected mainly by precipitation regime and hydrogeological conditions. Seasonal distribution of runoff would change substantially. It could rise significantly during the winter season, while a decrease in spring as well as during late summer and in autumn is predicted. The decrease in mean monthly runoff during the autumn season when drought normally occurs would be substantially higher as compared to the decrease in the mean annual runoff. The output from the water balance model permits to assess also changes in water storage and runoff components.
On the Maltese Islands, potential climate change impacts on water resources are the changes in potential evapotranspiration, soil water balance and sea level. There is a projected increase 7mm/day evapotranspiration rate, which will result in an accentuated soil moisture deficit in the topsoil layer. This in turn will trigger increased extraction to meet a crop irrigation demand and there will be a greater dependence on potable ground water reserves. The MRA and FAO report on Water Resources in the Maltese Islands states that the sea level rise in the Mediterranean will make the freshwater more prone to salinisation, and that in the central regions of the islands, particularly around major pumping stations the freshwater-seawater interface has reached levels close to the mean sea level; and thus any relative change in sea-level will have a more pronounced effect on these regions. The expected fall in rainfall levels shall affect both the mean sea level aquifer as well as the perched aquifer in the Maltese Islands. The latter however will be effected more due to the fact that this aquifer type greatly depends on the annual rainfall recharge. The mean-sea-level aquifer reduction in precipitation coupled with a rise in sea level will cause a decline in potable water volume and reduce the size of the freshwater lens.
The Turkish respondent has considered the topic critically from the modelling perspective (this comment has been shortened):
" In Finland different research programs dealing with hydrological impacts of climate changes have produced rather variable results with respect to runoff volumes. Typically an increase between 2 and 8% is predicted, but some studies also indicate no change in runoff or even a decrease. These discrepancies in the results can mainly be attributed to differences in the precipitation scenarios. The results of all projects indicate that climate change is advantageous (2-11% increase) for hydropower production due to the increased runoff and to the changes in the seasonal distribution of runoff. From the hydropower point of view, also changes in snow storage are very relevant. Mild winters lead to a decreased depth and duration of snow cover. Several respondents listed aspects that besides the climatic factors may be affected by the land use changes and other catchment modifications.
The Norwegian respondent stated that the changes in snow cover have effect on e.g. hydrological regimes, ecosystems and tourism, and the increase in the altitude of tree line have effects on the ecosystems.
The Estonian respondent thought that the land use change and catchment modifications as drainage, forest clear cutting and installation of numerous small hydropower stations influence the hydrological regime of the surface water. But further specification was missing.
On Malta and in the Netherlands the concern was more on how the land use will be changed to compensate the effects of climate change. It seems that the predicted climate changes will have adverse impacts on agricultural land use on the Maltese Islands. This is due to the direct effect of a warmer climate; extreme events of intense rainfall or drought, and changes in the seasonal precipitation patterns and variability in temperature. A predicted shortening of the rainy season will result in a combination of long periods of drought which are then aggravated by intense rainfall leading to intense soil erosion, soil structural damage, soil clogging, increased nutrient leaching and direct damages to crops.
In the Netherlands, the water retention through land-use changes may be useful in lowering the frequency of extreme floods in small basins, and possibly in reducing the level of "medium-sized" floods in large basins. At the scale of the Rhine and Meuse basins these measures have no significant effect on extreme floods occurring downstream (in the Netherlands), caused by prolonged heavy rainfall over large areas. Water retention areas along channels far upstream are only marginally more effective in this respect, but detention areas (for "controlled retention") may have a more significant impact Mild winters and thin snow cover could lead to an increased nutrient washout from agricultural lands in western and southern Finland.
Question 6. Please list the most important documents on the above issues related to operational hydrological practices and their possible adaptation to climate variability and/or change
The respondents listed several valuable references for further information. The most important references given by each country are presented in Annex 1.
Conclusions
We analysed the modifications in operational hydrological practises in Europe and Middle East through a questionnaire survey. The adaptation to climatic changes, reactions to land use changes and changed policy settings were addressed. Operational hydrological agencies of the 53 WMO member countries of Europe and Middle East were approached. Response from 10 countries was obtained, making the return rate up to the tolerable level of 19%.
A throughout climatic and geographic analysis could not be carried out based on the available data, due to the return rate of the questionnaire. However, replies came from countries that are scattered all over Europe, the weight being somewhat in the North, and certain level of geographic coverage was attained.
In every country that answered the survey questionnaire, the potential impacts of climate variability and change on water resources had been deeply considered.
However, several problems are related to the assessment of the future impacts. As the respondent of one country stated:
" During the last few years, several countries, e.g. Turkey, Malta, the Netherlands, Sweden and Finland, had suffered from at least floods of all the problems listed in Question 1. In consequence, they had actively updated and created new policies for flood forecasting and warning. At least yet, the drought issues have not been found as vital and urgent as issues related to flooding.
The EU states were well aware of the EU Water Framework Directive (EU 2000) and used it as a guideline. In many of these countries, improvement of policies is nowadays found more important than improvement of new structural measures and thus, they are being developed.
In national level, the hydrological offices have useful co-operation with universities and other national research institutes in most countries. Different international and catchment-wide projects have been launched for broader research and operational tasks and their increased need in the future is recognized.
Some respondents listed aspects that besides climatic factors may be affected by land use changes and other catchment modifications. Changes are expected to be caused in e.g. hydrological regimes, ecosystems, tourism, and agriculture (drought, soil erosion, soil structural damage, soil clogging, increased nutrient leaching and direct damages to crops).
The respondents of the countries listed the major documents related to operational hydrological practises and their possible adaptation to climate variability and/or change from their viewpoint.
A fluent direction onwards from this study would be to scrutinize the modifications in operational hydrological practices jointly with observed hydrological datasets as was outlined in the Introduction. 
Improved Interconnections between
Annex 1.
The most important documents related to operational hydrological practices and their possible adaptation to climate variability and/or change given by each country.
